INTRODUCTION {#sec1-1}
============

Myeloid sarcomas (MSs) are solid tumors with extramedullary (EM) proliferation of immature cells of one or more of the myeloid lineage that disrupt the normal architecture of the tissue in which it is found.\[[@ref1]\] It is also known as chloroma (green color characteristic of myeloperoxidase \[MPO\] enzyme), granulocytic sarcoma, myeloblastoma, and EM myeloid cell tumor.\[[@ref2][@ref3][@ref4]\] MS is recognized as a distinct entity under acute myelogenous leukemia (AML) and related myeloid neoplasm in the 2008 World Health Organization classification.\[[@ref5]\] MS develops most commonly in the setting of AML but can occur in association with myelodysplastic syndromes (MDS) and other myeloproliferative disorders (MPDs). MS can be diagnosed simultaneously with, during the acute phase or as a relapse of AML, MDS and MPD known as secondary MS. Rarely, it can precede AML at which the bone marrow studies reveal no hematological disease known as primary or isolated or nonleukemic MS.\[[@ref6]\] MS involving the prostate is extremely rare with only nineteen cases reported in the literature.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] So far, only one review article of MS of the prostate has been published in the year 1996, describing a total of nine cases.\[[@ref16]\]

CASE REPORT {#sec1-2}
===========

A 66-year-old African American male patient was diagnosed with MDS -- refractory anemia with excess blasts 1 type. He received four cycles of decitabine, without significant improvement and remained dependent on allogeneic packed red blood (PRB) cells. Eight months later, he underwent bone marrow biopsy that showed a persistent increase in blast cells (8% blasts cells). He was started on fludarabine, busulfan followed by allogeneic PRB stem cell transplantation. Treatment was complicated by acute graft versus host disease (GVHD-with mild skin rash and elevation of liver function tests) that resolved immediately with an increase in tacrolimus dose. One year to the initial diagnosis, bone marrow biopsy showed no evidence of neoplastic cells and flow cytometry was negative and the patient achieved complete remission. The patient had a history of rising prostate-specific antigen (PSA) levels for one year, but the prostate biopsy was deferred due to his unstable hematological condition. Six months into remission, after stabilization of his hematological condition, the patient underwent a transrectal prostate biopsy (TRPB) that revealed Gleason 7 prostate cancer. He underwent robotic radical prostatectomy and histopathology specimen showed Gleason score 7, prostate adenocarcinoma involving \<10% of prostate with no evidence of extraprostatic extension or seminal vesicle involvement and with negative surgical margins. Periprostatic tissue showed infiltrates of immature single cells resembling blast cells, but no blasts cells were noted in the prostate \[[Figure 1](#F1){ref-type="fig"}\]. Immunohistochemical staining of periprostatic tissue identified neoplastic cells (T-cells and B-cells) positive for CD3, CD20, CD34, and CD117 suggesting myeloblasts consistent with a diagnosis of periprostate chloroma \[[Figure 2](#F2){ref-type="fig"}\]. Subsequent bone marrow biopsy revealed low evidence of aberrant myeloid blasts (\<5%). Repeat bone marrow biopsy 4 months following surgery was consistent with transformation to AML with 50% blasts. He received induction chemotherapy (FLAG regimen - fludarabine, high-dose cytarabine, and granulocyte colony stimulating factor) and donor lymphocyte infusion. The patient responded well to the treatment without any GVHD and bone marrow biopsy was hypocellular without evidence of leukemia and currently in remission. The patient is alive one year following the diagnosis of MS.
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MATERIALS AND METHODS {#sec1-3}
=====================

A comprehensive literature review was performed through PubMed, Ovid Web databases, and Cochrane Library from 1997 to 2014, using the keywords chloroma, MS, granulocytic sarcoma, and EM leukemic infiltration involving the prostate and the periprostatic tissue. Due to recent advances in diagnosis and management, we have omitted the articles before 1996 and reviewed the articles from 1997 to 2014. Articles were screened with the above-mentioned terms, specific for myeloid lineage tumors including acute myeloid leukemia, MDS, and MPDs.

RESULTS {#sec1-4}
=======

A total of eight cases with extensive infiltration of the prostate with immature myeloid cells were found and are outlined in [Table 1](#T1){ref-type="table"}.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] Four were diagnosed as primary MS and four as secondary MS \[Flow Charts [1](#F3){ref-type="fig"} and [2](#F4){ref-type="fig"}\]. The four with primary MS developed AML within a period of 4 months of initial diagnosis. The age of presentation of MS of the prostate was between 8 and 72 years old, with a mean of 55 years. Our patient was 66-year-old, had a history of MDS in remission and later developed EM relapse in the periprostatic tissue. Seven patients had urinary symptoms including dysuria, urinary retention, or urgency, prompting surgical intervention, and one was evaluated for indurated prostate.\[[@ref21]\] Most of the patients had enlarged or indurated prostate on physical examination or on the imaging studies. Our patient was asymptomatic and was evaluated for rising PSA levels with an enlarged prostate gland on rectal examination, without any induration. In this group, three were initially misdiagnosed as undifferentiated malignant sarcoma on prostate biopsy,\[[@ref19]\] rhabdomyosarcoma on the computer tomography (CT) scan,\[[@ref20]\] and suspected prostate cancer on initial imaging studies.\[[@ref22]\] Their diagnosis of MS was confirmed only on further evaluation immunohistochemically. Five were diagnosed MS on prostate biopsies, two on a postsurgical specimen of transurethral resection of prostate (TURP) tissue, and one on radical cystoprostatectomy specimen. Our patient was diagnosed with prostate cancer on TRPB and later found to have periprostatic tissue chloroma on radical prostatectomy specimen. After the diagnosis of MS of prostate was made, three received local radiation with relief of obstructive symptoms and one of them had repeat prostate biopsy negative for EM leukemia (EML). Four died, three in a period of 4 months of diagnosis of MS and one after 4 years of diagnosis. In addition to the four, one patient had a fatal outcome; however, no detailed information was available.\[[@ref18]\] The details on the diagnosis, treatment, and progression of the disease of each patient are described in Flow Charts [1](#F3){ref-type="fig"}, [2](#F4){ref-type="fig"} and [Table 1](#T1){ref-type="table"}.
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![Primary myeloid sarcoma of the prostate (four cases)](UA-8-348-g004){#F3}

![Secondary myeloid sarcoma of the prostate (four cases)](UA-8-348-g005){#F4}

DISCUSSION {#sec1-5}
==========

MS is a rare EM leukemic tumor comprising immature myeloid cells that disrupts the architecture of the tissues in which it is found. The etiology of MS or any EM disease is thought be due to aberrant homing signal for the leukemic blasts precluding the more common bone marrow localization.\[[@ref25]\] In recent years, there is an increase in reports of MS after allogeneic stem cell transplantation (ASCT), manifesting as an EM relapse or bone marrow relapse, which may occur as a result of immune escape from the graft versus leukemic effect.\[[@ref26]\] Moreover, there is increased likelihood that patients with EM relapse have had a preceding GVHD when compared to those with bone marrow relapse. Our patient developed EM relapse 6 months following ASCT and also had GVHD during the time of ASCT.

MS is more common in patients with AML with an incidence of 2.4--8%.\[[@ref1][@ref27][@ref28]\] It is also reported in patients with a history of MDS and MPD and can represent leukemic transformation.\[[@ref1]\] MS can occur concomitantly with, during the course or as a relapse of associated hematological malignancy, known as secondary MS. Rarely, MS can occur in nonleukemic patients, and bone marrow studies did not reveal any hematological malignancies known as primary/isolated MS/nonleukemic MS.\[[@ref6]\] Most of these cases (primary MS), subsequently develop bone marrow involvement within a period of 1-year (median age being 5 months).\[[@ref29]\] Following the diagnosis of MS, bone marrow studies are necessary to rule out hematological malignancies (primary MS) or know the status of the hematological disease (secondary MS) for the administration of appropriate treatment.\[[@ref30]\]

A variety of chromosomal abnormalities are also reported in patients with AML with EM involvement, including translocation (t) (8,21), trisomy 8, inversion 16 and 11q23.\[[@ref31]\] The information on chromosomal aberrations is limited and further investigational studies can help evaluating acute leukemia and its role in MS. In this review, two cases were reported to have cytogenetic abnormalities including inversion 16(p13;q22) and t (3,7) in one patient and duplication of the long arm of chromosome 11 in the other.\[[@ref19][@ref23]\]

MS is most commonly found in soft tissues, periosteum, bone, peritoneum, lymph nodes, and skin but can involve any organ of the body.\[[@ref1]\] It is rarely reported in urogenital organs, with scattered case reports involving the kidney, prostate, urinary bladder, and gonads. To date, 19 cases of MS involving the prostate are reported in the literature.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] The present case is the first reported case of MS involving the periprostatic tissue. EM infiltration of the prostate is also reported in patients with lymphocytic leukemia and lymphomas and is limited to case reports. More cases are reported in the autopsy, with prostatic EML present at autopsy in up to 20% of patients with AML.\[[@ref32]\] This disparity between clinical and autopsy incidence would imply the prostate is more frequently involved with EML than has been reported and that many cases may be asymptomatic and that the prostate may be a sanctuary site.\[[@ref12]\]

MS can involve more than one tissue at the same time and in this review, one patient had MS involving the prostate, seminal vesicle, and bladder.\[[@ref19]\] EM recurrences are also common either at the same location or at a different site. Thalhammer *et al*. described a case successfully treated MS of the prostate (chemotherapy), with a repeat prostate biopsy negative for leukemic cells; however, seven months later, the patient developed recurrent EM relapse in the prostate.\[[@ref15]\] Presenting signs and symptoms are due to their local destructive or expansive properties and compression of nerves, the most common being pain and bleeding. The majority of patients with MS of the prostate present with typical obstructive urinary symptoms and are related to leukemic infiltration of the prostate and surrounding organs (bladder) or due to compression of neural structures.\[[@ref11][@ref27]\] The patients can also have elevated or fluctuating PSA levels and indurated prostate, thereby masquerading as prostate cancer.

The definitive diagnosis is made by tissue biopsy with the identification of myeloid precursor cells on immunohistochemistry, flow cytometry, and fluorescent *in situ* hybridization. Fine needle aspiration is not adequate, and tissue biopsy is the preferred method.\[[@ref30]\] For an accurate diagnosis, multiple needle biopsies of the prostate should be taken when there is high suspicion of prostate involvement. MS consists of diffuse infiltration of myeloid or granulocytic cell components. The diagnosis of MS may be challenging, especially if the patient had no history of leukemia and can result in administration of inappropriate treatment.\[[@ref1]\] In nearly half of the patients, it is misdiagnosed initially, the most common incorrect diagnosis being non-Hodgkin lymphoma.\[[@ref33]\] The differential diagnosis is lengthy includes non-Hodgkin lymphoma, lymphoblastic leukemia, rhabdomyosarcoma, Ewing sarcoma, etc., some of which cannot be corrected until abnormal blood and bone marrow results are revealed.\[[@ref34]\] Immunohistochemical staining is of great value in identifying antigens associated with myeloid lineage and assist in preventing any misdiagnosis. The commonly expressed myeloid markers include CD 68-KP1, MPO, lysozyme, CD2, CD 3, CD20, CD33, CD43, CD68, and CD117. CD68-KP1 (100%) is the most commonly expressed marker followed by MPO (83.6%).\[[@ref31]\] In this review we found, MPO was positive in majority of these cases except for one case that stained negative for MPO,\[[@ref19]\] however, the tumor cells were positive for other myeloid markers. None of the previously reported cases of MS of the prostate had associated prostate adenocarcinoma, and the present case is the first case of MS of the periprostatic tissue occurring concurrently with prostate adenocarcinoma. Guerrier and Persky reported a case of combined leukemic infiltration, hyperplasia, and carcinoma of the prostate in a patient with a history of chronic lymphocytic leukemia.\[[@ref35]\] CT and magnetic resonance imaging can be used for tumor localization and differentiate it from hematoma and abscess.\[[@ref36]\] Positive emission tomography-computed tomography is useful for monitoring the response following treatment of EM tumor.\[[@ref30]\]

There is no optimal treatment for MS, systemic chemotherapy a regimen similar to that used to treat AML (remission induction chemotherapy) is the current recommended treatment.\[[@ref25]\] Even in primary MS, AML-chemotherapeutic protocol is considered due to the high rate of progression to AML without systemic treatment. Allogeneic hematopoietic stem cell transplant seems promising, and recent data suggest that chemotherapy combined with ASCT improve chances of survival, than chemotherapy used alone. However, its role is not clear if EM relapse occurred following treatment with ASCT. The incidence of MS after autologous hematopoietic cell transplantation range from 0.2% to 1.3% and indicates treatment failure, with poor overall survival.\[[@ref37][@ref38]\] MS relapse following an ASCT is associated with marrow relapse in 20% of the patients.\[[@ref39]\] If MS occurred after HSCT, donor lymphocyte infusion, tapering of immunosuppression, and radiation therapy (RT) options are considered.\[[@ref6]\] Surgery and local radiation are considered to provide immediate symptomatic relief if it cause organ dysfunction or obstructive symptoms. MS is considered sensitive to RT and in a dose-dependent fashion.\[[@ref40]\] Irradiation of prostate is considered superior to surgery (TURP/prostatectomy), due to complications of infection and hemorrhage from the later.\[[@ref41]\] In this review (1997--2014), we found three patients received local radiation with relief of obstructive symptoms, and one of them had a negative repeat prostate biopsy for EML.\[[@ref21][@ref22][@ref24]\] A review of literature of previous cases of MS of the prostate from 1940 to 1996, revealed two cases received local radiation of prostate\[[@ref12][@ref16]\] and one of them had a repeat prostate biopsy that was negative for EML.\[[@ref12]\] Despite all the treatment options, MS is an indicator of poor prognosis, and it signals a blastic transformation in patients with MDS and MPD.\[[@ref42]\] Overall median survival is 7--20 months after the diagnosis of MS.\[[@ref29][@ref43]\] Further prospective studies are needed to optimize treatment strategies and improve chances of survival in these patients. Expertise hematological consultation is needed in the management of MS, to avoid complications and improve chances of survival. The patients should be in a regular follow-up to confirm continued complete remission and reevaluate for the development of any EM or bone marrow relapse.

CONCLUSION {#sec1-6}
==========

MS involving the prostate and other urogenital organs is extremely rare and are limited to case reports. MS should be considered as a differential diagnosis of prostate mass in patients with hematological cancers. The definitive diagnosis is made by tissue biopsy and multiple needle biopsies of the prostate are needed to increase the diagnostic yield. Local irradiation of prostate is considered superior to surgery to provide relief of symptoms and requires more prospective studies in order to generate treatment guidelines. Intensive chemotherapy, a regimen similar to AML is the standard treatment of underlying leukemia. Early diagnosis and appropriate treatment strategies improve chances of survival and may delay progression to acute myeloid leukemia or blastic crisis.
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